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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance pleasantness of vehicle drive by 
deciding musical interval and sound volume according to a detected state of 
driving state based on extracted music scale data. 

SOLUTION: The vehicle's driving state is detected by inputting signals to CPU 10 



from a revolution sensor 18 and a load sensor 20, and a waveform for one 
segment is generated and the generated waveform data are outputted to a D/A 
converter 12. In this case, one segment of the sound waveform in each interval 
of the scale for every musical instrument is stored, and the revolution speed and 
the load are continuously measured. The tone waveform of a frequency and a 
tone color corresponding to timewise variable revolution speed and load 
changing with time can be obtained from the prestored waveforms by means of 
arithmetic interpolation. The waveforms obtained by the arithmetic interpolation is 
outputted from the sound generation means 16. Thus, the interval and the sound 
volume are decided according to the detected driving state based sound on the 
extracted music scale data. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the equipment which generates a sound in in the car [ of the car it 
runs by the source of power ] A musical instrument sound storage means to 
remember the wave of two or more sounds of the scale which at least one kind of 
musical instrument emits to be a run state detection means to detect the run 
state of a car as scale data, A sound processing means to determine a musical 
interval and sound volume according to said run state which extracted the scale 
data memorized by said musical instrument sound storage means, and was 
detected by said run state detection means based on the scale data, The in-the- 
car sound synthesizer unit in the car which consists of the musical interval 
determined by said sound processing means, and a sound production means to 
output the sound of sound volume in the car. 

[Claim 2] It is an in-the-car sound synthesizer unit in the car according to claim 1 
which said musical instrument sound storage means has memorized said scale 
data to two or more kinds of musical instruments, and is characterized by said 
sound processing means determining a tone based on the scale data of two or 
more of said musical instruments according to said detected run state. 
[Claim 3] Said sound processing means is an in-the-car sound synthesizer unit in 
the car according to claim 2 characterized by for interpolation between the 
musical instruments of the scale data of two or more musical instruments 



performing tone interpolation, and determining the tone of scale data according 
to the detected run state. 

[Claim 4] It is an in-the-car sound synthesizer unit in the car according to claim 1 
which said run state detection means detects the rotational frequency per unit 
time amount of said source of power, and is characterized by said sound 
processing means being what interpolates the musical interval of said scale data 
according to said detected rotational frequency. 

[Claim 5] It is an in-the-car sound synthesizer unit in the car according to claim 3 
which said run state detection means detects the load concerning said source of 
power, and is characterized by said sound processing means performing said 
tone interpolation according to said detected load. 

[Claim 6] It is an in-the-car sound synthesizer unit in the car according to claim 1 
which said run state detection means detects the load concerning the rotational 
frequency and said source of power per unit time amount of said source of power, 
and is characterized by said sound processing means being what determines 
said sound volume according to said detected rotational frequency and said 
detected load. 

[Claim 7] Said run state detection means is what detects the load concerning the 
rotational frequency and said source of power per unit time amount of said 
source of power. Said sound processing means The in-the-car sound synthesizer 
unit in the car according to claim 3 which interpolates the musical interval of said 
scale data according to said detected engine speed, performs said tone 
interpolation according to said detected load, and is characterized by being what 
determines sound volume according to said detected engine speed and said load. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention generates the musical instrument sound 
according to the run state of a car in the vehicle interior of a room, and relates to 
the in-the-car sound synthesizer unit which raised the amenity of operation. 
[0002] 

[Description of the Prior Art] Conventionally, "the false exhaust-sound generator 
of an automobile" (JP,1-140199,A) is known as what generates the exhaust 
sound of an automobile in false. False exhaust sound is generated by obtaining 
the band noise equivalent to a rotation degree component, carrying out weighting 
of the component of ****** variously, and piling it up by this invention generating 
white noise, and synchronizing it with the band pass filter for the number of a 
degree component, synchronizing the center frequency of through and a band 
pass filter with an engine speed, and making it change. 

[0003] As other conventional techniques, there is a "in the car sound synthesizer 
unit" Patent Publication Heisei 4-No. 504916 official report, this invention - a 
racing car or other highs -- the sound of a performance vehicle is made for in the 
car [ one's ] to hear 
[0004] 

[Problem(s) to be Solved by the Invention] However, the sound outputted with the 
above "the false exhaust-sound generator of an automobile" or "a sound 
synthesizer unit in the car" is a sound similar to an engine sound or it. Since it 
had not come out of the region of the conventional automobile sound, a 



comfortable sound in the car was not necessarily able to be offered to many 
common drivers which are not car nuts. 

[0005] Accomplishing this invention in order to solve the above-mentioned 
technical problem, in the vehicle interior of a room, it is generating the 
comfortable sound showing the operational status of a car, and the purpose is 
raising the amenity of car operation. 
[0006] 

[Means for Solving the Problem] Invention of claim 1 for solving the above- 
mentioned technical problem In the equipment which generates a sound in in the 
car [ of the car it runs by the source of power ] A musical instrument sound 
storage means to remember the wave of two or more sounds of the scale which 
at least one kind of musical instrument emits to be a run state detection means to 
detect the run state of a car as scale data, A sound processing means to 
determine a musical interval and sound volume according to the run state which 
extracted the scale data memorized by the musical instrument sound storage 
means, and was detected by the run state detection means based on the scale 
data, It is having established the musical interval determined by the sound 
processing means, and a sound production means outputting the sound of sound 
volume in the car. In addition, a prime mover or motors, such as an internal 
combustion engine or an external combustion engine, can be used as a source 
of power. 

[0007] As a run state, they are a rotational frequency per unit time amount of the 
source of power, a load, transit vibration, etc. In the decision of a musical interval, 
all the musical intervals of a scale, for example, all the sounds of the diatonic 
scale or a chromatic scale, are memorized beforehand. The method which 
determines the musical interval of the sound to generate out of it according to a 
run state, Further, only the second sound of the minimum musical interval and 
the highest musical interval is memorized also to the musical interval 
interpolation, and a musical interval in the meantime can adopt the method which 
interpolates between chromatic scales so that a musical interval may change 



continuously according to a run state, the method calculated with interpolation. 
Moreover, also about the decision of a tone, if two or more kinds of musical 
instruments are used, tone interpolation between the method which switches 
gradually the sound of the musical instrument memorized according to the run 
state, and two or more musical instruments is performed, and the method which 
generates the mixed tone of the tone of two or more musical instruments 
continuously can be adopted according to a run state. 

[0008] In invention of claim 2, the musical instrument sound storage means has 
memorized scale data to two or more kinds of musical instruments. Moreover, a 
sound processing means According to the detected run state, it is characterized 
by determining a tone based on the scale data of two or more musical 
instruments. Invention of claim 3 A sound processing means is characterized by 
for interpolation between the musical instruments of the scale data of two or 
more musical instruments performing tone interpolation, and processing the tone 
of scale data according to the detected run state. 

[0009] Moreover, invention of claim 4 is characterized by detecting the engine 
speed per unit time amount of the source of power, and interpolating the musical 
interval of scale data according to the detected engine speed, and invention of 
claim 5 is characterized by detecting the load concerning the source of power 
and performing tone interpolation according to the detected load. 
[0010] Moreover, invention of claim 6 detects the load concerning the rotational 
frequency and the source of power per unit time amount of the source of power, 
and determines sound volume according to the detected rotational frequency and 
the detected load. 

[001 1] Furthermore, invention of claim 7 interpolates the musical interval of scale 
data according to the detected engine speed, performs tone interpolation 
according to the detected load, and determines sound volume according to the 
engine speed and preload which were detected. 
[0012] 

[Function and Effect of the Invention] For the musical instrument sound storage 



means, the wave of two or more sounds of the scale which at least one kind of 
musical instrument emits is beforehand memorized as scale data. At the time of 
transit, the run state of a car is detected, according to the run state, based on 
scale data, the musical interval and sound volume of a sound to pronounce are 
determined, and the sound of the determined musical interval and sound volume 
is outputted in the car. Therefore, since a comfortable musical instrument sound 
is outputted according to a run state, the amenity of car operation improves. 
[001 3] Moreover, by invention of claim 2, the scale data to two or more kinds of 
musical instruments are memorized, according to the detected run state, a tone 
is determined based on the scale data of two or more musical instruments, and 
tone interpolation by interpolation between the musical instruments of the scale 
data of two or more musical instruments is performed by invention of claim 3. For 
this reason, a tone will change corresponding to a run state, the comfortable 
sound which expresses a run state more is obtained in the vehicle interior of a 
room, and the amenity of operation improves more. 
[0014] Moreover, as for invention of claim 4, a musical interval changes 
according to the rotational frequency of the source of power, as for invention of 
claim 5, tone interpolation is performed according to a load, since sound volume 
is determined according to a rotational frequency and a load, the comfortable 
sound which expresses a run state more is obtained in the vehicle interior of a 
room, and the amenity of invention of claim 6 of operation improves more. 
[0015] Moreover, since the musical interval of scale data is interpolated 
according to an engine speed, tone interpolation is performed according to a load 
and sound-volume amendment is performed according to an engine speed and a 
load, the comfortable sound which expresses a run state more is obtained 
similarly in the vehicle interior of a room, and the amenity of invention of claim 7 
of operation improves more. 
[0016] 

[Embodiment of the Invention] Hereafter, this invention is explained based on 
one concrete example. In addition, this example shows the example which used 



the internal combustion engine (henceforth an engine) as a source of power of a 
car. Drawing 1 shows the configuration of the whole this example equipment. 
The engine-speed sensor 18 which detects the engine speed of the engine of a 
car, the load sensor 20 which detects an engine load by accelerator ** Dahl's 
opening, RAM30, and D/A converter 12 are connected to CPU10. And amplifier 
14 is connected to D/A converter 12, and the loudspeaker 16 is connected to the 
amplifier 14. Moreover, the scale data area 301 where the wave for one period of 
the sound of each musical interval of the diatonic scale was memorized for every 
musical instrument is formed in RAM30. 

[001 7] Drawing 2 is a flow chart showing the main program which shows 
actuation of CPU 10. In step 100, a signal is inputted from the rotational 
frequency sensor 1 8 and the load sensor 20, the run state of a car is detected, 
the wave for one segment is generated at step 102, and the generated data point 
is outputted to D/A converter 12 at step 104. This processing is repeatedly 
performed with the period of one wave-like segment. Thus, generally the method 
of repeating processing for one segment, changing a parameter for every 
segment, and going is performed in speech synthesis, processing of electrohone, 
etc. Here, one segment is concretely made into for example, 10msec(s) - 
50msec extent as time amount length which does not pose human being's 
audibility top problem. 

[0018] The functional diagram of above equipment comes to be shown in 
drawing 3 . The wave of one segment of the sound in each musical interval of the 
scale for every musical instrument is memorized, and a rotational frequency and 
a load are measured continuously. And the wave of the sound of the rotational 
frequency which changes in time, the frequency corresponding to a load, and a 
tone is searched for by the interpolation operation from the wave memorized 
beforehand. And the wave searched for by the interpolation operation is 
outputted from a sound production means. 

[0019] Moreover, it considers as the value at the time of 1 segment initiation of a 
generation wave [ value / which was inputted before 1 period ], and the value at 



the time of 1 segment termination of a generation wave [ value / which was 
inputted this time ] about detection of the run state of a car, and the run state is 
generating the wave in the meantime as what is changing continuously. 
[0020] Next, the procedure which generates the wave for one segment in step 
102 of drawing 2 is explained with reference to drawing 4 . Drawing 4 shows the 
situation of wave generation in case the run state expressed by the rotational 
frequency and the load between duration deltaT for one segment shifts to b 
points ending [ segment ] from a segment start points in a state diagram. 
Frequency fs of a generation wave in a points Frequency [ in / it is determined 
from the rotational frequency at that time, and / b points ] fe of a generation wave 
It is determined from the rotational frequency at that time. The four lattice points 
P1 , P2, Q1 , and Q2 The contact is shown recently which connotes a points and b 
in the state point of the data point for every musical instrument memorized 
beforehand in the scale data area 301 of RAM30. Namely, the lattice point P1 It 
is a frequency F1 with a harp. A musical interval is shown and it is the lattice 
point P2. It is a frequency F2 with a harp. A musical interval is shown and it is the 
lattice point Q1. It is a frequency F1 with a violin. A musical interval is shown and 
it is the lattice point Q2. It is a frequency F2 with a violin. The musical interval is 
shown. Thus, the data point for one segment in a majority of each lattice points is 
prepared beforehand, and is memorized in the scale data area 301 of RAM 30. 
[0021 ] The waveform element for one segment is called for as follows, the sound 
of a musical instrument, a synthesizer, and a nature etc. -- sampling - every 
class of each sound ~ and a waveform element is generated for every musical 
interval of every fundamental frequency and a scale. At drawing 4 , it is 
considering as the violin of a hard tone with the harp of a soft tone, and the 
heavy load according to low loading. 

[0022] A sound from the first has the wave-like standup section (it is the attack 
section with the vocabulary of electrohone) and the wave-like attenuation section 
(decay section), and duration also reaches at several seconds. However, that 
wave is not used as it is, but as shown in drawing 5 , after performing looping 



processing in an electrohone technique and changing into a short-time periodic 
wave form, he is trying to memorize this wave in this example. By making it such, 
it becomes compoundable [ the continuation sound at the time of stationary 
transit ], and the storage capacity of RAM30 can be saved further. 
[0023] Although the wave-like starting point and a wave-like terminal point 
continue as a result of looping processing, depending on the processing 
technique, the phase of a start point may not be fixed. Consequently, as shown 
in drawing 5 , when a wave starts in the amplitude 0 and is not completed with 
the amplitude 0, the case where the phase of a fundamental-frequency wave 
does not become pi/2 arises. If the phase of the fundamental wave of each 
waveform element is not fixed, when performing linear interpolation between 
waves, un-arranging [ of a wave comrade offsetting each other ] arises. Then, as 
shown in drawing 6 , the wave is shifted in round so that the phase of a 
fundamental wave may become pi/2. It asks for the phase of a fundamental-wave 
component from the original wave, and the approach of this drawing changes a 
phase angle into time amount, and shifts the part. 

[0024] Four waveform elements obtained by the above-mentioned approach are 
waves which a set and the starting point, and a terminal point follow [ a phase ], 
as shown in drawing 6 . In order to obtain one segment which results to b points 
from a points, it is the four lattice points P1 , P2, Q1 , and Q2. From a waveform 
element, generation of a sweep wave is performed with linear interpolation. 
[0025] In drawing 4 , the wave-like generation method in case a state point shifts 
to b points from a points is as follows. In addition, below, the situation of 
changing extremely a lot is explained to an example on account of explanation. 
P1 as which the above was chosen It considers as rotational frequency lOOOrpm 
and a load 1 , and is P2. Q1 chosen by considering as rotational frequency 
2000rpm and a load 1 It considers as rotational frequency 1000rpm and a load 2, 
and is Q2. It considers as rotational frequency 2000rpm and a load 2. First, it 
sets to drawing 7 and is P1. Q1 The wave in a point to R1 Point, i.e., rotational 
frequency 1000rpm, The wave in the state point of the same load as the load of a 



points is generated by linear interpolation. This is the internal division of two 
wave amplitudes. Next, P2 Q2 The wave in a point to R2 Point, i.e., rotational 
frequency 2000rpm, The wave in the state point of the same load as the load of b 
points is generated by linear interpolation. R1 [ and ] A point and R2 2 waves in a 
point - using -- rotational frequency 1000rpm from - rotational frequency 
2000rpm up to -- a frequency is changed gradually. 

[0026] Next, how to change a frequency gradually is explained with reference to 
drawing 8 . The wave c of drawing 8 is (c) of drawing 7 . Acquired point R1 
interpolating [ load ] It is a wave and the wave e of drawing 8 is (e) of drawing 7 . 
Acquired point R2 interpolating [ load ] It is a wave, next, only the frequency of 
Wave c is changed -- making - a rotational frequency - 1000rpm from - 
2000rpm up to -- the wave to which it was made to increase gradually is 
generated. For that, the data in the sampling point of Wave c and a different 
sampling point are needed. Setting to drawing 9 , it is the original wave-like 
sampling point, and a black dot is a wave-like sampling point when a white round 
head changes a frequency. Although the location of the sampling point of this 
white round head changes because a frequency changes, the value in that 
sampling point is calculated by linear interpolation. That is, it re-samples. 
Although precision besides linear interpolation falls, it is possible also for zero- 
order interpolation. [ of this re-sampling ] 

[0027] If it re-samples a short period, it will be changed into a high frequency, 
and it will be changed into a low frequency if it re-samples a long period, 
frequency F1 Frequency F2 a waveform element - re-sampling - between time 
amount deltaT - frequency fs from -- frequency fe How to ask for the period (or 
re-sampling time of day) of re-sampling required in order to acquire a wave which 
changes is shown in drawing 10 . t1 and t2 in drawing 4 It is a frequency F1 , 
respectively. Frequency F2 It is the starting point at the time of re-sampling a 
waveform element, and they are t1' and t2'. It is a frequency F1, respectively. 
Frequency F2 It is a terminal point at the time of re-sampling a waveform element. 
[0028] The formula of step 202 of drawing 10 , [Equation 1] 



f=fs+[(fe-fs) /deltaT] tau (i-2) 

the section of ** and deltaT - setting ~ a frequency - fs from — fe up to - it is a 
formula for making it increase linearly to sampling point i. tau (i-2) - sampling 
start points t1 and t2 to sampling point i from — it is progress time of day. Thus, a 
frequency is made to increase linearly to time amount first. 
[0029] The formula of step 204, [Equation 2] ts [i] =ts [i-1]+tauf/F1 is a frequency 
F1 . Since the sampling period of a data point is tau, it is a formula for making the 
tau increase-like proportionally to a frequency f. and the amended sampling 
period tauf/F1 only — new sampling time ts [i] The last sampling time ts [i-1] It is 
amended for a long time. 

[0030] For the judgment of step 208, a sampling point is sampling end time t1' 
and t2'. It is the judgment of whether to have exceeded. Thus, a frequency F1 
and F2 Each sampling time of the data point which can be set calculates, 
respectively. By calculating the wave-amplitude value in such sampling time with 
interpolation, a wave in case a frequency increases gradually is acquired. 
[0031] Moreover, the wave generated continuously is two frequencies F1 which it 
is necessary to make continue and are moreover used for the linear interpolation 
between waves. Frequency F2 If a wave-like phase is not made in agreement, in 
the linear interpolation between waves, un-arranging [ that a wave comrade 
offsets each other ] occurs. Therefore, the sampling start time t1 and t2 It always 
needs to be set up proper. It is necessary to choose a re-sampling start point so 
that the part of the same include angle may be used as a former wave of re- 
sampling from each waveform element. The operation approach for that is shown 
in drawing 1 1 . omega expresses the phase angle of a start point. Wave-like end 
time t1' which made it generate last time The following sampling initiation phase 
omega is set up (step 306). 

[0032] Thus, according to an engine engine speed and a load, amendment of the 
amplitude is further carried out to the wave from which a musical interval and a 
tone change according to an engine engine speed and an engine load. And that 
sound is outputted from a loudspeaker 16 with this wave finally decided being 



outputted to D/A converter 12. 

[0033] In the above-mentioned example, although the wave of the sound of a 
musical instrument sound was used for the wave used as criteria, the wave of the 
sound of a nature and the sound of electrohones, such as a synthesizer, may be 
used. 

[Translation done ] 
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[Brief Description of the Drawings] 

[Drawing 1] The block diagram having shown the configuration of the in-the-car 
sound synthesizer unit concerning one concrete example of this invention. 
[Drawing 2] The flow chart which showed the wave-like generation procedure of 
the output sound by CPU. 

[Drawing 3] The block diagram having shown the function of this example 
equipment. 

[Drawing 4] The explanatory view having shown the approach for changing a 
musical interval and a tone according to an engine speed and a load. 
[Drawing 5] The explanatory view having shown the approach for obtaining the 
data point of the sound in each musical interval of the musical instrument 



beforehand memorized to the store. 

[Drawing 6] The explanatory view having shown the approach for similarly 
obtaining a data point. 

[Drawing 7] The explanatory view having shown the procedure of musical interval 
interpolation and tone interpolation. 

[Drawing 8] The explanatory view having shown the approach of musical interval 
interpolation (frequency sweep). 

[Drawing 9] The explanatory view having shown how to generate the data of re- 
sampling in musical interval interpolation. 

[Drawing 10] The flow chart which showed the operation procedure of re- 
sampling time of day. 

[Drawing 11] The flow chart which showed the operation procedure of 
determining the start time for re-sampling. 
[Description of Notations] 
10-- CPU 
30 -- RAM 

301 - Scale data area 
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